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INVESTIGATION OF THE LOW-SPEED
FLIGHT CHARACTERISTICS OF A l/l5-SCALE MODEL

OF THE CONVAIR XB-58 AIRPLANE

COORD. NO. AF-AM-15

By John W. Paulson

SUMMARY

An investigastion of the low-speed stability and control character-
istics of a 1/15-scale free-flying model of the Convair XB-58 airplane
has been made in the Langley full-scale tunnel by the Langley free-flight
tunnel section. The model was flown over an angle-of-attack range from
9© to 500, and only relatively low-altitude conditions were simulated.

The longitudinal stability snd control characteristics were satis-
factory over the angle-of-attack range investigated with the center of
gravity at 25 percent of the mean aerodynamic chord. With the center of
gravity at 30 percent of the mean aerodynamic chord, the model was very
sensitive to gusts and control deflection and was somewhat more difficult
to fly. The lateral stability characteristics were satisfactory up to
en angle of attack of about 300 where static directional instability
caused the model to be directionally divergent. The Dutch roll oscilla-
tion was well damped over the angle-of-attack range. Adding artificisl
damping in roll, yaw, or pitch made the model fly more smoothly, roll
damping being much more effective than yaw or pitch damping; but the
added damping did not have any noticeable effect on the directional
divergence. Pod drops were successfully made at scaled-up weights of
8,000 and 15,000 pounds. The pod separated more cleanly with a canerd
setting of -15° then with a setting of 0°.
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INTRODUCTION

An investigation of the low-speed stability and control character-
istics of a l/l5-scale free-flying model of the Convair XB-58 airplane
has been made at the request of the U. S. Air Force. The XB-58 airplane
is a 60° delta-wing bomber powered by four pod-mounted turbojet engines.
A large jettisonable pod, which carries the warhead and some fuel, is
mounted under the fuselage.

The investigation included flight tests of the composite (pod on)
and return-component (pod off) configurations and flight tests to deter-
mine the effect of dropping the pod. Power-off and power-on force tests
were made to determine the static longitudinal stability and control
characteristics of the model. Only power-off tests were made to deter-
mine the static laterasl stability and control characteristics.,

In order to permit a better interpretation of the free-flight tests
in terms of the full-scale airplane, a comparison was made between the
results of the force tests of the flight-test model at a low Reynolds
number and force tests made by the manufacturer at a higher Reynolds
number. )

SYMBOLS

The longitudinal data are referred to the stability system of axes
and the lateral data are referred to the body system of axes. (See
fig. 1.) The origin of the axes was located to correspond to a longi-
tudinal center-of-gravity position of 25 percent of the mean aerodynamic
chord for both the composite and return-component configurations. The
vertical location of the center of gravity was 1.6 and 3.2 percent of
the mean aserodynemic chord above the pod parting line for the composite
and return-component models, respectively.

S wing area, sq ft

[¢)]

wing mean aerodynamic chord, ft

v airspeed, ft/sec
b wing span, ft
ov2
q dynsmic pressure, 5 1b/sq ft

farasimom
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air density, slugs/cu ft
angle of sideslip, deg

angle of yaw, deg

angle of bank, deg

angle of attack of wing, deg

moment of inertia about longitudinal body exis, slug-ft2
moment of inertia sbout lateral body axis, slug-ft2
moment of inertia about normsl body axis, slug-ft2
longitudinal force, 1b

lateral force, 1b

normal force, 1b
1lift force, 1b
drag force, 1b

thrust, 1b

side force, 1b

pitching moment, ft-1b
rolling moment, ft-1b
yawing moment, ft.lb

1ift coefficient, Lift/qS
drag coefficient, Drag/qS

pitching-moment coefficient, My/qSc




oo

NACA RM SL5TK19 GYN L

Cn yawing-moment coefficient, My/qSb
Cy rolling-moment coefficient, My/qSb
Cy lateral-force coefficient, Fy/qS
ACn, Ly incremental moments due to a control deflection
ac
Ch, = = per degree
B op
ac
1
C, . = — per degree
p =3 PTFE
Cy
Cvy, = —= per degree
YB £ b gr
By rudder deflection, deg
Be elevator deflection (elevons deflected together for eleva-
tor control), deg
Bg aileron deflection (elevons deflected differentially for

aileron control), deg
APPARATUS AND TESTS

Model

The investigation was made with a 1/15-scale model which was con-
structed at the Langley Laboratory. A three-view drawving of the model
is shown in figure 2 and a photograph of the model flying in the Langley
full-scale tunnel is shown in figure 3. Table I gives the mass and dimen-
sional characteristics of the full-scale airplane and the scaled-up mass
and dimensional characteristics of the model.

For the flight tests and power-on force tests thrust was provided
by compressed air supplied through flexible hoses to nozzles mounted in
each nacelle. The amount of thrust could be varied, and the meximum
output per nozzle was about 6 to 8 pounds. For the force tests and some
of the flight tests, the outboard jets were deflected downward 30° in
order to obtain trim conditions similar to those of the airplane. This

SONRSRENSR
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deflection was necessary because the center of gravity of the model was
too high and also because the model required additional thrust to over-
come the drag of the flight cable. The combination of these conditions
resulted in a very large thrust moment which was reduced by deflecting
the jets. The controls were operated remotely by the pilots by means
of flicker-type (full on or off) pneumatic servomechanisms which were
actuated by electric solenoids. Maximum control deflections used in
the flight tests were &g = *159, &y = *159, and & = *13°., Artifi-
cial stabilization in roll was provided by a simple rate-type damper.
An air-driven rate gyro was the sensing element, and the signal was fed
into a servo-actuator which deflected the ailerons in proportion to the
roll rate. There was no manual override in the system so that a signal
from the rate gyro reduced the manusl aileron deflection and thereby
decreased the aileron effectiveness.

For the pod-drop tests the pod and the return component were bal-
lasted so that, when the pod was dropped, the return component had either
3 or 6 percent less static margin than the composite.

Test Equipment and Setup

The force tests were conducted in both the Langley free-flight tun-
nel and the Langley full-scale tunnel. The model was sting mounted,
and the forces and moments were measured about the body axes by using
three-component strain-gage balances.

The flight investigation was conducted in the Langley full-scale
tunnel with the test setup illustrated in figure 4. In this setup there
is an overhead safety cable to prevent the model from crashing. Combined
with this ceble is another cable composed of plastic hoses and wires
which provide the compressed air to the model for thrust and the power
for the control actuators, respectively. These cables are attached to
the model at sbout the center-of-gravity location. The pitch pilot,
located at the side of the test section, controls the pitching motions
of the model. The thrust controller, who is also located at the side
of the test section, varies the thrust of the model by remotely con-
trolling the air flow to the model through a valve located at the top
of the entrance cone. The thrust controller and pitch pilot must coor-
dinate their efforts in order to maintain steady flight. Another oper-
ator adjusts the safety cable so as to keep it slack during flight and
takes up the slack to prevent the model from crashing if it goes out of
control. A second pilot who controls the roliing and yawing motions of
the model is located near the bottom of the exit cone. Motion-picture
records of the flights are obtained with cameras located at the side of
the test section and at the top and bottom of the exit cone.

SONFTIENTIS
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The flight-test technique employed with this setup is explained
by describing a typical flight: A flight is started with the model
being towed by the safety cable. When the tunnel speed reaches the
flying speed of the model, the model thrust is increased until the
flight cable becomes slack. Adjustments to the elevator and thrust are
then made, if necessary, to trim the model for the particular airspeed.
The flight is then continued to higher or lower airspeeds by changing
the trim setting of the elevator and making the necessary adjustments
to tunnel speed and model thrust to maintain steady flight.

For the pod-drop tests the same techniques were used, but a sepa-
rate safety cable was attached to the pod in order to catch it after
each drop.

STATIC STABILITY AND CONTROL CHARACTERISTICS

OF FLIGHT-TEST MODEL

Longitudinal Stability and Control

Force tests were made in the Langley free-flight tunnel to deter-
mine the static longitudinal stability and control characteristics of
the composite and the return-component models over an angle-of-attack
range from 39 to 390 with power off for elevator deflections of 0° and
-10°. These tests were run at & dynamic pressure of 4.7l pounds per
squere foot, which corresponds to an airspeed of about 63 feet per
second at standard sea-level conditions and to a test Reynolds number
of 970,000 based on the mean aerodynamic chord of 2.41 feet. Force
tests were also made on the return-component model in the Langley full-
scale tunnel with power off and on and with elevator settings of 00,
-5°, and -10°. These tests were made with total-thrust values of O,

3, 8.5, and 17 pounds. The tests were conducted at a dynamic pressure
of 5.43 pounds per square foot, which corresponds to an airspeed of
gbout 68 feet per second at standard sea-level conditions and to a test
Reynolds number of 1,040,000 based on the mean aerodynamic chord of
2.41 feet.

Presented for comparison with the power-off data are unpublished
data for a higher Reynolds number (3,260,000) obtained from tests con-
ducted by the manufacturer. The longitudinal data for both the free-
flight and the manufacturer's models are presented for a center-of-
gravity position of 25.0 percent of the mean aerodynamic chord.

Presented in figure 5 is a comparison between the free-flight tun-
nel data and the manufacturer's data for the return-component configura-
tion. These data show that there is fairly good agreement between the
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lift-curve slopes and elevator effectiveness of the two models but indi-
vo cate a slightly higher static margin %g% for the menufacturer's model
o
z. over part of the angle-of-attack range. The longitudinal characteristics
; of the free-flight and the msnufacturer's composite models are presented
in figure 6. The longitudinal characteristics of the free-flight return-
eo component model are also given in figure 6 for comparison purposes.
These data show generally good agreement between the characteristics of
the free-flight and the manufacturer's models, although.the menufacturer's
model had more static margin over part of the angle-of-attack range. The
free-flight model data show that the pod reduced the longitudinal sta-

bility over the angle-of-attack range.

Presented in figure 7 are the longitudinal characteristics of the
return-component model for thrust values of 0, 3, 8.5, and 17 pounds
with an elevator setting of 0°. These data shovw a very large increase
in 1ift coefficient with increase in thrust. Approximately 60 percent
of this increase can be accounted for by the vertical component of the
thrust. The remainder of the 1lift increase is attributed to induced
lift associated with the action of the compressed-air jets on the wing.
These data also show that the static longitudinal stability increased
slightly as the thrust increased.

The data of figure 8 show the longitudinal characteristics of the
return component with elevator deflections of 0°, -59, and -10° for each
thrust condition tested. From these data it is seen that the elevator
effectiveness was virtually unaffected by increasing thrust.

Lateral Stability and Control

Force tests were made to determine the static lateral stability and
control characteristics of the composite and return-component models
over a sideslip range up to +20° and for angles of attack from 3° to 39°.
These data were obtained in the Langley free-flight tunnel at the same
dynamic pressure and center-of-gravity location as the longitudinal
data.,

The lateral stability characteristics of the free~flight-tunnel
composite and return-component models are presented in figures 9 and 10,
respectively. The data of figures 9 and 10 are summsrized in figure 11
in terms of the side-force parameter CYB, the directional-stability

parameter C, , and the effective-dihedral parameter -CZB. These data

are presented for sideslip angles of #5°, Presented for comparison with
the free-flight tunnel data are unpublished data for a higher Reynolds
number (3,260,000) obtained from tests conducted by the manufacturer.

Lo
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The directional stability of both the composite model and the return-
component model was approximately constant up to an angle of attack of
240 and then dropped rapidly to large negative values. The return-
component model had somewhat greater directional stability at all angles
of attack and became unstable at a slightly higher angle of attack. The
positive effective dihedral of both configurations increased up to about
240 and then decreased rapidly to a negative value. The lateral char-
acteristics of the free-flight model were in good agreement with the
higher scale manufacturer's data over their common angle-of-attack range.

The control effectiveness of the free-flight and the manufacturer's
return-component models is compsared in figures 12 and 13 for the ailerons
and rudder, respectively. These data show that the rolling moments pro-
duced by the ailerons are in fairly good agreement for the two models but
the free-flight model had somevwhat less yawing due to aileron deflection.
The yawing moments produced by the rudder are in fairly good agreement,
but the rolling moments produced by the rudder are smaller for the free-
flight model.

FLIGHT TESTS

Flight tests were made to study the stability and control charac-
teristics of the model over an angle-of-attack range from 9° to 30°.
The stability and control characteristics of the composite configuration
were studied with coordinated ailerons and rudder and with ailerons
alone. These tests included flights to determine the effect of adding
artificial damping in roll, yaw, or pitch. The control characteristics
of the return component were compared with ailerons alone and with rudder
used. either with or against the ailerons. This control study was made
to investigate an emergency condition which might arise because of the
failure of certain components of the power control equipment. In some
cases this condition would result in adverse rudder being applied with
aileron control. TFlights were also made to study the effect of dropping
the pod.

The pod-drop tests and the return-component control tests were made
with the outboard jets deflected down 30° to obtain trim conditions simi-
lar to those of the airplane as pointed out previously. The Jjets were
not deflected during the composite-model tests; thus, down-elevator
deflection was needed to trim the model at high angles of attack and
high thrust conditions. Meximum control deflections used in the flight
tests were 8y = *¥159, &, = 150, and &, = *13°. Only relatively low

altitude conditions were simulated.

The model behavior during flight was observed by the pitch pilot
located at the side of the test section and by the roll and yaw pilot
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located in the rear of the test section. The results obtained were
based on pilot's observations and data obtained from motion-picture
records.

FLIGHT TEST RESULTS AND DISCUSSION

A motion-picture film supplement covering flight tests of the model
has been prepared and is available on loan. A request card form and a
description of the film will be found at the back of this paper on the
pege immediately preceding the abstract and index page.

Interpretation of Flight-Test Results

The mass data presented in table I show that the model had values
of the scaled-up moments of inertia generally similar to those of the
full-scale airplane. It has been shown that the static stability char-
acteristics of the low Reynolds number free-flight model are in fairly
good agreement with higher Reymolds number results of the manufacturer's
model. It is likely, however, that the changes noted in the stability
derivatives at high angles of attack will occur at somewhat higher angles
of attack for the airplane than for the model. The dynamic behavior of
the airplane is therefore expected to be similar to that of the free-
flight model except that corresponding dynamic behavior might occur at
higher angles of attack.

Longitudinal Stability and Control

Basic model.- The longitudinal stability and control characteristics
of both the composite and return-component models were satisfactory over
the angle-of-attack range flown with the center of gravity at 25 percent
of the mean aerodynamic chord. The models were longitudinally steady
and response to control was good. With the center of gravity moved rear-
ward to sbout 30 percent of the mean aerodynamic chord, the model beceame
much more sensitive to elevator deflections and to gusts and thus was
more difficult to control. Flights could be maintained, however, with
careful attention to control.

Pitch damping added.- Adding artificial damping in pitch with the
center of gravity at either 0.25¢ or 0.30C slowed down the pitching
motions and ensbled the pitch pilot and thrust controller to coordinate
their controls better and smoother flights resulted.
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Lateral Stability and Control

Basic model.- The lateral (Dutch roll) oscillation of the composite
and return-~component configurstions were well damped at all angles of
attack. The directional stability characteristics of the model were
generally satisfactory over the angle-of-attack range investigated
except near the stall. As the model spproached an angle of attack of
300, there was asn increasing tendency of the model to diverge in side-
slip, but the pilot could usually maintain flight by careful attention
to control. When the angle of attack reached 30°, the model could no
longer be kept under control and it experienced a directional divergence.
The divergence can be explained by the static directional stability data
of figures 9 to 11. As the angle of attack increases, the static direc-
tional stability decreases and the sideslip range over which the model
is directionally stable also decreases, Another factor which might have
contributed to the directional divergence is the decrease in positive
effective dihedral at the higher angles of attack.

The lateral control characteristics of both configurations were
considered to be satisfactory with coordinated ailerons and rudder over
the angle-of-attack range investigsated. There was no evidence of any
appreciable decrease in control effectiveness as the angle of attack
increased and the model was controlled satisfactorily up to the angle
of attack at which it diverged. The control was also generally satis-
factory with ailerons alone unless the model was badly disturbed, in
vhich case recovery from the disturbance was usually difficult. It was
also found that coordinated ailerons and rudder provided better control
at high angles of attack where the model began to yaw due to the loss
in directional stability.

Yaw damping added.- The general flight behavior of the model was
not appreciably changed by adding yaw demping although the model did
appear to be a little steadier in yaw, particularly at angles of attack
approaching 300. The model still experienced a directional divergence,
however, and the divergence appeared to be more abrupt than that of the
basic model. This behavior was probably & result of the increased
steadiness in yaw up to the angle of attack at which the model diverged.

Roll Jamping added.- Increasing the roll damping greatly improved
the overall flight behavior of the model. The increase in damping elimi-
nated the abrupt motions associated with the flicker-type control or
those caused by gust disturbances and resulted in smooth, steady flights.
The added damping greatly increased the stiffness in roll and reduced
the maneuverability, but the model was easy to fly and required very
little attention to control. There was no apparent effect of the added
roll damping on the directional divergence.
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Yaw and roll dasmping added.- With both yaw and roll damping added,
the behavior of the model was essentially the same as it was with only
roll demping added. The yawing motions were reduced as they were when
yaw damping alone was added, but the biggest improvement in the model
characteristics resulted from the increase in the roll damping. The
added damping in roll and yaw did not have any noticeable effect on the
directional divergence.

Yaw, roll, and pitch damping added.- Increasing the demping about
all three axes resulted in very smooth and steady flights. The model
virtually flew itself and only an occasional control application was
required on the part of the pilot to keep the model from drifting side-
weys in the test section. The model again lacked maneuverability mainly
because of its stiffness in roll and it still experienced a directional
divergence at an angle of attack of 30°.

Effect of rudder on lateral control characteristics.- For the con-
trol tests made to compare the lateral control characteristics of the
model with ailerons alone and with rudder used either with or against
the ailerons, the aileron deflection was held constant at +7° while
rudder deflections of *T7° and #15° were used to give ratios of Sr/Sa

of 1 and 2. No artificial damping was used in these tests.

The flight tests of the return component at an angle of attack of 9°
indicated that satisfactory control was obtained with aillerons alone as
long as the model was not badly disturbed. After a disturbance it was
difficult to settle the model down. When the rudder was used with the
allerons end 8,/8g = 1, the model had very good control characteristics,

but, when & ratio of &,/ = 2 was used, it was found that the rudder

deflection was too large and excessive yawing motions of the model
resulted.

When the rudder was used against the ailerons, flights were very
difficult to perform. With &,/ = 1, constant attention to control
was required, but the model could be kept under control. Typical of
these flights were large sidewise displacements that the model sometimes
experienced when it became disturbed and efforts were made to steady it.
These displacements were much worse with Br/ﬁa = 2 and the flights
generally terminated with the model going out of control.

The flight tests of the composite model at an angle of attack of 15°
showed thet the control characteristics were generally similar to those
of the return-component model. In this condition, when the rudder was
used against the ailerons and the value of 8,/85 Wwas 2, the model went

out of control at the moment of rudder reversal.
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Pod-Drop Investigation

Some preliminary flights were made to determine the effect of the
pitch damper on the behavior of the model at pod drop. These flights
indicated that the damper had relatively little effect on the model
behavior; thus all further tests were made with pitch damping added as
well as roll damping in order to obtain as steady a flying condition
as possible for the drops.

Effect of pod weight.- The investigation showed that the pod with
the canard set at O could be dropped at scaled-up weights of 8,000 pounds
or 15,000 pounds (with a return component at 95,000 pounds) without
introducing any violent uncontrolleble motions due to the abrupt trim

dCn

change. Although the static margin - 360 changed from 0.09 for the
L

composite model to 0.03 for the return-component model when the 15,000-
pound pod was dropped and from 0.06 to 0.03 when the 8,000-pound pod was
dropped, the return-component model could be éasily controlled after the
drop by proper coordination of elevator and thrust control. Down eleva-
tor was applied at the moment the pod was dropped to balance out the
change in trim caused by the rearward movement of the center of gravity
and the thrust was reduced so that the return-component model did not
climb.

It eppeared during these flights that the heavy pod broke away from
the return-component model more cleanly then did the light pod. This
result was probably due to the fact that the speed and angle of attack
at the time of drop were approximately those required to fly the light
pod but were not sufficient to fly the heavy pod.

With the canard surface set at 0C incidence, the pod sometimes did
not break cleanly away from the return-component model. This was espe-
cially true for the light pod which generally dropped free without much
change in pitch sttitude and moved back while still relatively close to
the return-component model. At no time, however, did the pod strike the
return-component model.

Effect of canard deflection.- When the canard surface was set at
-159, the pod cleared the return-component model more positively than
it did with the canard surface set at O° because upon being released
the pod immediately pitched down and rotated to large negative angles of
attack as it dropped away from the return-component model,

Effect of sideslip and pod directional stability.- Several drops
were made with the light pod in an effort to determine whether the behav-
ior of the pod &t drop was influenced by sideslip or by removing the pod
lover vertical tail. The drops were made with the model sideslipping
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about 5° and with the canard at O° and -15° deflection. These tests
showed that removing the vertical tail from the pod or flying the model
in a sideslipped attitude had no noticeable effect on the drop charac-
teristics of the pod.

CONCLUSIONS

Results have been presented from a free-flight stability and con-
trol investigation of & 1/15-scale model of the Convair XB-58 airplane.
The model was flown over an angle-of-attack range from 9° to 30C and
only relatively low-altitude conditions were simulated. From the results,
the following conclusions were drawvm:

1. The longitudinal stability and control characteristics were sat-
isfactory over the angle-of-attack range investigated with the center of
gravity at the 0.25 mean aerodynamic chord. With the center of gravity
at the 0.30 mean aerodynamic chord the model was very sensitive to gusts
and control deflection and thus was more difficult to fly.

2. The lateral stability characteristics were satisfactory up to an
angle of attack of about 30° where static directional instability caused
the model to be directionally divergent. The Dutch roll oscillation was
well demped over the angle-of-attack range.

3. Adding artificial damping in roll, yaw, or pitch made the model
fly more smoothly, roll damping being much more effective than yaw and
pitch damping. Artificial damping did not have any noticeable effect
on the directional divergence.

4. Pod drops were successfully made at scé.led-up weights of 8,000
and 15,000 pounds. The pod separated more cleanly with a canard setting
of -15° than with a setting of 0°.

Langley Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va., Oct. 25, 1957.




TABLE I.- MASS AND DIMENSIONAL CHARACTERISTICS OF THE CONVAIR

XB-58 AIRFLANE AND SCALED-UP CHARACTERISTICS OF THE

1/15-SCALE FREE-FLIGHT MODEL

(a) Mass characteristics

®00

[sX-X4)
®0
00

Scaled-up model

Full-scale airplane

Return Return
Composite component Composite component
Weight for -
General flight tests, 1b . . “ e e e e e . 112,000 | —=memmeme- 147,000 | eeeeemee-
Control tests, 1b . . . & ¢ & ¢ ¢« ¢« ¢ o o o o o & o] e 64,000 | cmeemmmee | eme- ————
Pod-drop tests (heavy pod), 1b v v ¢ v v o o« o 4 o o 110, 800 95,600 110,000 95,000
Pod-drop tests (1ight pod), 1b o v v « o o + « . 103,700 95,600 110,000 102,000
Moments of inertia for -
General flight tests:
Iy, slug-f£2 . . . . . . . . .. e e e e e e 387,000 | em—m=———- 398,000 mem————
Ty, BLUG-FEZ ¢ . o o v v v o e e e e 1,085,000 | eemmmma-- 1,072,000 | ~ecmsmae-
Ip, 8LUB~FE2 o o v v v v v v e e e e e e e e e es o | 1,420,000 | mseeeeee- 1,413,000 | commemeee
Control tests;
I, BLUG-TE2 o 0 0 v 0 v s e e e e 388,000 380,000 307,000 296,000
I, BLUZ-FEZ v v v vt e v e e e e e e e e s 1,162,000 1,050,000 748,000 567,000
Ip, BLU-Ft2 « o o v v e o e e e e e e e 1,%90, 000 1,375,000 1,015,000 867,000
Pod-drop tests (heavy pod):
Iy, BLUg=FE2 o« « o v v v e e 350,000 342,000 382,000 363,000
Iy, BlUg-ft2 . . L v o v o s e e 920,000 783,000 936,000 732,000
Ip, BLUB-FE2 o . 0 v b e e e e e e e e e e e 1,262,000 1,125,000 1,252,000 1,027,000
Pod-drop tests (light pod):
Iy, BLUZ-TE2 o v v v b e e e e e e e e e .. . 350,000 342,000 382,000 370,000
Iy, BLUB-FE2 o o v v b v v e e e e 875,000 783,000 936,000 771,000
Iy, BLUZ-TE o v v o v o 0 v e e e e e e e e e 1,216,000 1,125,000 1,252,000 1,090,000
Moment of inertia about lateral axis for heavy pod,
Ty, BIUE-TE2 .« o o v v v v e s e e 46,300 44,500
Moment of inertie ebout iateral axis for light pod,
Iy BLUB-TE2 o« o o v v v v e e 35,300 35,000
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TABLE I.- MASS AND DIMENSTONAL. CHARACTERISTICS OF THE CONVAIR

XB-58 ATRPLANE AND SCALED-UP CHARACTERISTICS OF THE

l/l5—SCALE FREE-FLIGHT MODEL - Continued

(b) Dimensional characteristics of full-scale

Wing:
Airfoil section:
Root chord . . . . . e e s s e e e e .

Span station 3.767 and outboard C e e e e
Area (total), 8@ f£ & & v o ¢« ¢« ¢ o 4 4 o 4 . .
Span, £ . . o+ + . s s 6 e s s e e s e e e
Aspect ratio . . . . . ¢ o . . L et e e e e . e
Root chord, ft . . . . . . « ¢ ¢ o o o . o ..
Tip chord, ft . . . . o o s o s s s & = e
Mean aerodynamic chord, ft o & e & o s = e e = s
Sweepback of leading edge, deg « ¢« « s s 4 e o
Sweepforwerd of trailing edge, deg . e e
Dihedral, d8g o o « ¢ « o o = o o o « o o o o
Incidence, deg . « « « ¢ ¢ « o o o « o o« o o o o

Elevons:
Area behind hinge line (two surfaces), sq ft . .
Span (two surfaces), £t . « ¢« v o o v o 4 . . .
Root chord, ft' . . « ¢« ¢ ¢ ¢ o o o « o o « o « &
Tipchord, ft . . « « ¢ + v ¢ v ¢ ¢ o « o o s &

Vertical tail:
Airfoil section . « « ¢ ¢ ¢« ¢ 6 o o o ¢ o o o «

Area (exposed), 8@ ££ o « ¢« v ¢ o o 4 4 0 4 o .

Span, £t . ¢« ¢« ¢ o ¢ o o 4 v e i e 6 e e e s e
Aspect ratio . « o o o ¢ 4 e 4 e 4 4 e e e . o
Root chord, £t . o o ¢ ¢ ¢ ¢ v & ¢ ¢ o o o« o o
Tip chord, f£t . . . ¢ o ¢ ¢ ¢ o o o o o o s o
Sweepback of leading edge, deg . . . ¢ &« o + « o
Sweepback of trailing edge, deg . « « o o .« o

Rudder:
Ares behind hinge llne, sgft . . ¢ o 6 6 ¢ 6 e
Span, ft . . . . . . s s s 4 s e 6 e 8 e o s
Root chord, ft . . . . ¢« ¢« ¢ o ¢ ¢ ¢ o o o o o &
Tip chord, f£ . . « ¢« ¢ ¢ s ¢ ¢« o o s o o o o &

return component

NACA 0003.46-6k.069
NACA 000%.08-63

1543
56.9
2.1
54.2
0
36.2
60
10

0

3

211
37

7.2
4.1

. . . NACA 0005-6k4

1257
13.23%
1.k
13.5
5.4
50
30

O O
£ oo~ &
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o0, TABLE I.- MASS AND DIMENSIONAL CHARACTERISTICS OF THE CONVAIR
8 XB-58 ATRPLANE AND SCALED-UP CHARACTERISTICS OF THE

oee 1/15-SCALE FREE-FLIGHT MODEL - Concluded

(¢) Dimensional characteristics of

Wing: .

Airfoil section « o« &« ¢« & o 4 4 o 0 . ..
Area (total), s £t « « v o ¢ o o o « & o &
Span, ft . . ¢ ¢ v s e 4 4 o 6 6 e 4 o o e
Aspect ratio . . ¢ ¢ ¢ s v 0 i 4 e e o e e
Root chord, ft . . . . . . « ¢ ¢« o + o« o &
Tip chord, £t . . . ¢ « ¢ o ¢ ¢ ¢« o « o o &
Mean aerocdynamic chord, ft . . . . . . .
Sweepback of leading edge, deg . . . . .
Sweepforward of trailing edge, deg « +
Dihedral, deg - « « « o « o o« . .« e e e
Incldence, deg o v o v e 6 4 e e .

Canard.:

Airfoil section . « . « + o . . . o e 0 .
Area (total), sq £t « « ¢« + ¢« v v v 4 o o
Span, £t . . ¢ 0 c 0 00 e e e e e e s
Aspect ratio . . . . ¢ ¢ . . o .. .
Root chord, ft . . . . . . . « . . . .
Tip chord, £t . . ¢« ¢ ¢ ¢« v ¢ o ¢« o « o« o
Mean aerodynamlc chord, ft o e e e e e .
Sweepback of leading edge, ft .« e e e e e s
Sweepforward of trailing edge, f£t . . . . .

Dihedral, deg . +. « o o « ¢ « o o o o o s o

Incidence, deg . . « ¢« v« ¢ ¢« ¢ ¢ s ¢« o o o

Ventral fin:
Airfoil section . . c o e s e 0 s s o e o
Area (exposed), sq FHon e
Span, ft . . . . . .0 000 0.
Aspect ratio . . . . ¢ o . 4 4 s 6 e 6 . oo
Root 'hord, ft . . . . ¢« . ¢ ¢ ¢ s o & o
Tip chord, ft . . . . . . « e e s e e

Sweepback of leading edge, deg o o s e e o

]

full-scale pod

. o « o . NACA 0O0OOL.

. s e © © o o e o

e & e o ©o e e @

R

« « o « o NACA 0O0OL.

16

5-64
140
17.1
2.1
16.4
0
10.9
60
10

5-6k
21.7
5.1
.75
8.7
3
60
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B=¢=0°

Wind direction

Z
w, ‘
d.
B /feofi FY Y
Xg, X %
Mz
14

Azimuth reference

Q=¢=0°
Sr

%

Figure l.- System of axes used in investigation. Iongitudinal data are
referred to stability system of axes, and lateral data are referred
to body system of axes. Arrows indicate positive directions of

moments, forces, and angles.
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Figure 2.,- Three-view drawing of l/l5—scale model of Convair XB-58 air-
plane used in investigation. All dimensions are in inches.
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Figure 3.- Model flying in Iangley full-scale tunnel.
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be, deg  SOUS
~ 0 FFT
o — -0 FFT
J 0 Convair
_— -0 Convair

4l | 7 Y
3/
2k EI// //
® 74
0 .//
//
a7
4L I | | ! 1o I I
0 8 16 24 32 40 | 0 -l =2
a,deg Cm

Figure 5.- Aerodynamic characteristics of free-flight and Convair
return-component models. B = 0°.
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f tion Source of
Configuratio aree
O —— Return component FET
g ———— Composite FFT
——— Composite Convair
R .
Cm
CL
Cp
-2 ! I | I I I |
0] 8 16 24 32 40 | 0 -l -2

a,deg Cm

Figure 6.- Aerodynamic characteristics of free-flight composite and
return-component models and Convair composite model. B = o°.
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Thrust

Figure T.- Effect of thrust on serodynamic characteristic of free-
flight return-component model. B = 0%; & = 0°.
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2L
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16 24 32 40 .
a,deg Cm

(a) T =0 lbs.

Figure 8.- Effect of elevator deflection on aerodynsmic characteristics
of free-flight return-component model for various thrust settings. -

B = o°.
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(b) T = 3.0 lbs.

Figure 8.- Continued.
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Se, deg
Yo o)
voa ! 0 —— _%
reo O 0]

(c) T = 8.5 1bs.

Figure 8.- Continued.
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(d) T = 17.0 1bs.

Figure 8.- Concluded.
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Figure 9.- Variation of static lateral stability characteristiecs of
free-flight model with angle of sideslip. Composite model; &g = O°;
T = 0 1bs.
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reese

» ® a,deg
o 3
g — 1l

Y ee e 19

oo A - %_3,

ee B —————
i =3

08~

8,deg

Figure 10.- Variation of static lateral stability characteristics of
free-flight model with angle of sideslip. Return-component model;
S = 0% T = O 1bs.
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® o0
0:00 CYﬁ
beee
be
[
° (X 1] |
=02 Configuration Source - of
data
: ————————  Composite F.ET
004 _ Return component F.ET
______ Composite Convatr

002

Cnﬁ

-002

-004

.004

002

-002 —

-004 L- [ | | ! |
0 8 16 24 32 40
a,deg

Figure 1l.- Comparison of static sideslip characteristics of free-
flight models. 8 = 0°; T = 0 1bs; B = + 5°.
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Source of
dafa

FFT
Convarwr

04 _
ACn
O2= —_—
\ ~——
0
Q4
ACL | -
021
) 1 I 1 1 {
) 8 16 24 32 40
a,deg

Figure 12.- Comparison of incremental yawing- and rolling-moment coef-
ficients due to aileron deflection of +15° for the free-flight and
Convair return-component models. B = 0% & = O°.
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Source of
data
FFT
Convair
04 ~
02 -
0
02
ACL
) *_\§\‘__”’—_____—’/,,’
-0z L I I l I |
0O 8 16 24 32 40

a,deg

Figure 13.- Comparison of incremental yawing- and rolling-moment coef-
ficients due to rudder deflection of -20° for the free-flight and
Convair return-component models. B = Oo; Be = 0°.
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A motion-picture film supplement, carrying the same classification
as the report, is available on load. Requests will be filled in the
order received. You will be notified of the approximate datas scheduled.

The film (16 m., 9 min., B, and W., silent) deals with an investi-
gation of the low-speed power-on stability and control cheracteristics
of a l/l5-scale free-flying model of the Convair XB-58 airplesne. Flights
of the composite and return-component configurations were made with and
without artificial demping over an angle-of-attack range from 9° to 30°.
Flights were also made to determine the effect of dropping the pod.

Requests for the film should be addressed to the

Division of Research Information

National Advisory Committee for Aeronautics
1512 H Street, N, W.

Weshington 25, D. C.

NOTE: It will expedite®the handling of requests for this classified
film if application for the loan is maede by the individual to whom this
copy of the report was issued, In line with established policy, clas-
sified msterisl is sent only to previously designated individuals. Your
cooperetion in this regard will be appreciated.

L ]

Please send, on loan, copy of film supplement to RM SLS5TK19

Name of organization

Street number

City and State

Attention¥* Mr.

Title
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*To whom copy No. _ of the RM was issued.
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INVESTIGATION OF THE LOW-SPEED
FLIGHT CHARACTERISTICS OF A l/ 15-SCALE MODEL

OF THE CONVAIR XB-58 ATRPIANE

COORD, NO. AF-AM-15

By John W. Paulson
ABSTRACT

Flights of the composite and return-component configurations were
made with and without artificial damping over an angle-of-attack range
from 9° to 300. Flights were also made to determine the effect of
dropping the pod. Static force tests were made at angles of attack
from 0° to 40° and over a sideslip range up to +20°.
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